BELL LABORATORIES 
RECORD 


Experimental set-up of synchronizing apparatus for common- 
frequency broadcasting 


VOLUME FOURTEEN—NUMBER EIGHT 
for 


APRIL 


1936 


| 
é 
J 
ov = 


Elastic Vibrations of Quartz 


By G. W. WILLARD 
Radio Research 


HE great utility of quartz 

crystals, in stabilizing the fre- 

quency of oscillators, and as 
elements in filters and other electrical 
networks, is due primarily to two 
properties of quartz. In the first place 
the substance, when in a crystalline 
form, is piezo-electric: it may be set 
into vibration by applying an alter- 
nating potential across it, and con- 
versely its vibration reacts upon the 
circuit through which the potential is 
applied. In the second place, its in- 
ternal losses are extremely low. These 
two virtues result in circuit elements 
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Fig. 1—The simple compressional modes of 
vibration of a quartz crystal plate (A and 
B) are elastically coupled so that the plate 
tends to exhibit a combined form of vibration 
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which, though mechanical, are intj- 
mately associated with the electrical 
circuit; and which, because of the low 
losses, show very little damping. 

Roughly speaking a quartz plate, 
like any other physical object, has a 
natural frequency of vibration, de- 
pendent on its dimensions, its density, 
and its elasticity. In this respect it is 
mechanically analogous to a tuned cir- 
cuit, and this is the feature of it that is 
put to practical use. But, again, like 
any other physical object, a quartz 
plate has not only one but many 
natural frequencies of vibration. In 
other words, such a plate has quite a 
few modes of vibration; there are 
many different ways in which the 
plate can vibrate at a fundamental 
frequency and various overtones, when 
appropriately excited. Moreover, 
many of these modes are so coupled 
to one another mechanically that the 
excitation of one tends to excite 
others, and their combined behavior 
under excitation is of the complicated 
sort whose electrical analog is pro- 
vided by coupled circuits. 

A simple illustration of such be- 
havior is given in Figure 1. At a in 
that figure is shown a thin plate, face 
on, which is supposed to be vibrating 
along one direction in its fundamen- 
tal compressional mode. Arrows indi- 
cate what the motion of the particles 
of the plate would be during one-half 
of the cycle of vibration; during the 
other half the direction of motion 
would reverse. The crystal expands 


and contracts, as though it were 
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(A) 


a block of rubber. The 
dotted line n is the 
nodal region, in which 
the particles would re- 
main stationary. 
Evidently there is 
possible another com- 
pressional mode of vi- 
bration, in the other 
direction across the 
crystal as shown at B, 
similar to the first ex- 
cept that its natural 
frequency is in gen- 
eral different. It can 
readily be seen that 
these two are closely 
interconnected, for 
when the plate is elon- 
gated in one direction, 
it tends to grow thin- 
ner in the other. The 
actual resulting mo- 
tion involves both 
modes, elastically 
coupled. Indeed, sim- 
ple compressional vi- 
brations such as those 
diagrammed can only 
be approximated in 
very long thin bars. 
The modes of vibra- 
tion shown in Figure 1 


are called /ongitudinal Fig. 2—Young’s modulus in crystalline quartz varies greaily 
because the particles with direction, as shown by this model of a three-dimensional 


move along the direc- 
tion in which the 
vibration wave is propagated, as they 
do in sound waves. There are other 
possible modes, called transverse or 
shear, in which the particles move 
perpendicularly to the direction of 
propagation of the wave. In Figure 3 is 
shown such a mode of vibration in a 
plate. Between most of these and many 
other modes, elastic couplings exist. 
These considerations apply, no mat- 
ter what the substance of the plate 
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polar diagram 


may be. So also does the fact that the 
elastic constants, determining the vi- 
bration characteristics of the various 
modes and the couplings between 
them, vary with temperature. In the 
case of quartz, as of many other crys- 
talline substances, there is the further 
complication that these elastic con- 
stants, and the piezo-electric con- 
stants as well, vary with the direction 
in which they are measured with re- 
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spect to the crystal axes. For example, 
Figure 2 shows for different directions 
through quartz the variation of 
Young’s modulus, the constant which 
determines how much a given com- 
pressive force will compress the ma- 
terial. The range of variation is so 
large that it includes the values of the 
moduli for aluminum, brass, copper, 
gold and silver. Since the value of this 
constant is obviously one of the 
factors determining the frequency of 
vibration in the modes diagrammed 
in Figure 1, the natural frequency of 
compressional vibrations in a quartz 
plate may be expected to vary con- 
siderably according to the orientation 
of the plate with respect to the axes 
of the crystal from which it was cut. 

The complexity of this situation 
makes one wonder how it could ever 
be possible to manufacture quartz 
plates of predictable properties, sim- 
ple to operate. For ease of manufac- 
ture, the frequency of a quartz plate 
should be a simple continuous func- 
tion of the dimensions, preferably of a 
single dimension. It is desirable that 
the frequency be independent of 
temperature, or if there is a change 
that it be linear and continuous. More- 
over the plate must be associated with 
a holder comprising the electrodes; 
and in the many uses where it must 
be held rigidly in position with respect 
to those electrodes, the rigid clamping 
must be accomplished without ap- 


Fig. 3—In contrast to the longitudinal 
modes of vibration of quartz crystals (Fig- 
ure 1) there are the transverse modes 
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DIMENSION (THICKNESS) 


Fig. 4—As the dimension controlling a 

high-frequency mode 1s varied, the fre- 

quency will “hop” as it reaches the values of 

the successive overtones of low-frequency 

modes to which the high frequency mode of 
the quartz plate is coupled 


preciably increasing the naturally low 
damping of the quartz plate. 

Theoretically it is possible to clamp 
a plate at its vibration nodes without 
affecting its vibration. Moreover, in 
many of the simple modes of vibra- 
tion, the frequency is a continuous 
function of a single dimension. When, 
for example, the simple compressional 
mode diagrammed in Figure 14 is ap- 
proximated, the frequency varies in- 
versely as the horizontal dimension of 
the plate. The values of the various 
elastic constants are also simple func- 
tions of the temperature. 

In practice, however, the various 
modes of vibration are often so cou- 
pled that the vibration of a plate will 
“hop” from one frequency to another 
as the controlling dimension or the 
temperature is changed. The effects of 
coupling are most marked when the 
frequencies of the several modes 


would be so close to one another if 
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2000 


to prepare such a plate for 
a operation at a given frequency. 


For the same sort of oscillator 


1500 


(the Y-cut), Figure 5, shows 
the large and discontinuous 


variation of frequency with 
temperature, which would re- 
quire extremely close tem- 


500 


perature control when the os- 
cillator was operated. To mini- 
mize both these difficulties, 
the coupling must be reduced. 

Fortunately one of the com- 


plications of quartz can be 
turned to advantage in such 
an attempt. The fact that the 


FREQUENCY CHANGE IN CYCLES PER SECOND 


elastic properties of quartz 
vary in different directions 


makes it possible to vary the 
values of the different elastic 
coupling constants by varying 
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TEMPERATURE IN DEGREES CENTIGRADE 


Fig. s—The difference between the high and dis- 
continuous frequency-temperature coefficient of the 
Y-cut plate and the low and continuous coefficient of 
AT-cut plate is due to their different orientations 


with respect to the crystal axes 


uncoupled. If these frequencies de- 
pend on different dimensions, the ef- 
fects of coupling can be somewhat re- 
duced by changing the dimensional 
ratio. But the prevalence of overtones 
limits the value of this expedient. The 
curve in Figure 4 typifies the behavior 
of a plate in which the 
upper overtones of sev- 
eral low-frequency 
modes are coupled to a 
high-frequency mode, 
and the dimension con- 
trolling the latter is va- 
ried. The discontinuities, 
which arise when the 
high frequency is close 
to the various over- 
tones, make it difficult 
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68 the orientation of the plate 
when it is cut. Of course, it is 
not possible to vary all these 
constants independently, nor 
without limit. Moreover care 
must be taken that a favorable 
decline in coupling is not ac- 
companied by an unfavorable 
decline in the piezo-electric constant. 

A simple example of how the vi- 
brating properties of a quartz oscil- 
lator can be varied by changing 
merely its orientation is furnished by 
a very thin quartz bar twelve milli- 
meters long, vibrating in the com- 


“st 
Y-CUT AT-CUT 


Fig. 6—The orientations of the Y-cut and AT-cut plates, re- 
ferred to the X (electric), Y (mechanical), and Z (optic) axes 
of the quartz crystal. See Figure § for characteristics 
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pressional mode diagrammed in Fig- 
ure 1. By cutting such bars at differ- 
ent orientations, Young’s modulus, its 
temperature coefficient, and the co- 
efficient of thermal expansion, all take 
on different values. The varying 
modulus changes the frequency from 
200 to 300 kilocycles, and the varying 
coefficients change the variation of fre- 
quency with temperature from zero to 
fifteen cycles per degree Centigrade. 

A more complicated example, but 
one of great practical interest, is the 
AT-cut quartz oscillator developed in 
these Laboratories. In contrast to the 
familiar Y-cut plate, which is perpen- 
dicular to the Y-mechanical axis, the 
AT-cut is rotated thirty-five angular 
degrees in a positive direction from 
this about the X-electric axis, as 
shown in Figure 6. Both vibrate pri- 
marily in a transverse mode at a high 
frequency, of which the piezo-electric 
constant is high, and the vibration is 
not seriously damped by clamping at 
the edges of the plate. But a great im- 
provement has been obtained merely 
by the new orientation, in the fre- 


quency-temperature relation, as shown 
in Figure 5, and in the frequency di- 
mension relation. 

A large part of the misbehavior of 
the Y-cut plate is due to a single 
elastic coupling constant. It was the 
discovery that this constant could be 
reduced to zero, without introducing 
other couplings, by rotating the cut 
thirty-one degrees in a positive sense, 
that led to the invention of the AT- 
cut. At the thirty-five-degree rotation 
actually used, the frequency-tem- 
perature coefficient also reduces to 
zero, while the coupling still remains 
inappreciable. 

The AT-cut plate is already finding 
wide application in controlling the fre- 
quency of oscillators. It can be ac- 
curately manufactured with greater 
ease than its predecessors, and in 
many applications can be operated 
without temperature regulation over a 
wide range of temperatures. It forms 
an excellent instance of the fruitful re- 
sults which may be expected from re- 
search into the elastic and_piezo- 
electric properties of quartz plates. 
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Dialing Ships at Sea 


By P. W. WADSWORTH 
Toll Development 


ITH the first applications 
of the radio telephone to 
ships at sea (REcorD, Jan- 
uary, 1930), the ship receivers, con- 
nected to either a loud speaker or an 
operator’ S headset, were at all times 
“on the air,” and chun heard all calls. 
This was usual practice with most 
radio circuits at that time. Stations 
were called by name and all other sta- 
tions listening on the same frequency 
would hear the call. With the increas- 
ing use of ship-to-shore radio service, 
however, some method of signalling 
only a single ship seemed desirable, so 
as to make it unnecessary to keep the 
loud speakers or telephone receivers 
connected to the circuit at all times. 
Development work was undertaken 
as a result, and it is now possible to 
provide equipment which will permit 
calling a single ship 
without the others 
hearing the call. 
With the system de- 
veloped, each ship has 
a three-digit number 
assigned to it, and 
when the operator at 
the telephone switch- 
board wishes to place 
a call, she merely dials 
the number of the ship 
wanted. This sends out 
a series of tone pulses 
which are received by 
all the ships within 
range. No audible sig- 
nal is heard, however, 


except by the ship 
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called. On this ship a telephone bell 
will ring, and the operator will pick 
his handset off the hook and answer in 
the usual manner. 

This achievement has been made 
possible by using the 60 type selector 
employed for railway dispatch work 
(Recorp, December, 1926), and by 
the development of an entirely new 
circuit for operating it. The 60 type 
selector, shown in Figure 1, consists of 
a polarized magnet, tiie armature of 
which advances a ratchet wheel one 
step for each impulse received, pro- 
viding consecutive pulses are of op- 
posite polarity and occur at a definite 
rate. Mounted on the ratchet wheel 
shaft is another wheel, which has 
holes drilled around its rim. Pins may 
be dropped into these holes, and a 
stop arm is provided which will hold 
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the wheel at the position to which it 
has been turned provided a pin is in 
the hole opposite the arm at the time 
the series of pulses ceases. If there is 
no pin at this point the wheel will be 
returned to the initial position by a 
spring. After the wheel has rotated a 
definite amount, which is adjustable, 
it makes an electrical contact. 

As it is commonly used for ship sig- 
nalling, this contact is made after a 
rotation equivalent to seventeen holes 
on the rim of the wheel. Since three 
sets of pulses are sent, the sum of the 
three pulse groups must total seven- 
teen if the contact is to be made, and 
the pins must be in such positions that 
the wheel will be held at the position 
attained after each of the three sets of 
pulses. Thus such combinations as 
2-8-7, 4-7-6, 9-3-5, and some 57 others 
are capable of closing the contact pro- 
vided the wheel is held in its position 
after each pulse group. The pins in the 
wheels of the selector on each ship are 
placed in holes corresponding to its 
particular code number. Thus a ship 
whose code number is 9-3-5 will have 
pins in the ninth, twelfth, and seven- 
teenth holes. When this sequence of 
pulses reaches the selector, therefore, 
the wheel will be held after each group, 
and the contact will be made at the 
end of the final group. The pins in the 


wheels of the selectors on other ships, 
however, will be in other holes, so that 
after one or more of the groups has 
been received, the wheel will not be 
held but will return to the initial 
position and no contact will be made. 

The general principle of operation 
is to transmit tone pulses spaced at the 
proper intervals by the action of the 
dial at the calling station. It is just as 
important, however, to insure that 
the station will not be signalled except 
when properly dialed as it is to make 
sure that it will be called when the 
proper pulses are sent. In the voice 
signals and in static picked up by the 
radio receivers all audible frequencies 
are present, and if the ringing signals 
were pulses of a single frequency, it 
might happen that there would be 
enough of this particular frequency in 
voice conversations to other ships or 
in static to operate the selector and 
ring the bell. For this reason the sys- 
tem is designed to transmit alternate 
pulses of 600 and 1500 cycles, and the 
bell at the called station will be rung 
only when alternate pulses are re- 
ceived at the proper rate. 

The equipment required at the 
shore station for this system, and its 
association to the terminal apparatus, 
is shown in Figure 2. It consists of a 
vacuum-tube oscillator for producing 
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Fig. 2—Sending equipment at shore station and its association to terminal apparatus 
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both the 600 and 1500-cycle tones, and 
a key and dial for controlling it. The 
dial used has a special impulse cam 
arranged so that a single pulse of the 
dial either opens or closes the pulsing 
contacts depending upon the last 
number dialed. With this arrange- 
ment successive pulses alternately 
open and close the pulsing contacts. 

Except during the signalling pe- 
riod, the feedback circuit of the oscil- 
lator is grounded through back con- 
tacts of relay oc to prevent it from 
oscillating. The frequency is con- 
trolled by the two condensers LF and 
uF and the relay rc, which short- 
circuits condenser HF when operated. 
With relay Fc not operated the two 
condensers in series tune the oscillator 
to 1500 cycles and with condenser HF 
shorted the oscillator is tuned to 600 
cycles by condenser tr alone. In 
signalling, relay oc is operated and 
the oscillator is started by action of 
the dial key, which also completes the 
circuit through the pulsing contacts 
for controlling relay re and the oscil- 
lator frequency. The output level of 
the oscillator is controlled by a po- 
tentiometer and a network consisting 


TRANSFER 
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of resistances and an adjustable con- 
denser, which causes the outputs for 
both the 600 and 1500-cycle frequen- 
cies to be the same. 

The equipment used on board ship 
is known as the 103A selector set. A 
simplified schematic of the equipment 
and its association to the radio ap- 
paratus is shown on Figure 3, and a 
photograph of the selector set is 
shown in Figure 4. The selector set, 
consisting principally of a filter, rec- 
tifier, pulsing relay, and selector, is 
normally connected to the radio re- 
ceiver output through contacts of a 
transfer relay under control of the 
switchhook of a telephone set. 

From the transfer relay, the output 
of the radio receiver passes through a 
double band-pass filter—which is 
really two filters, one passing 600 
cycles and the other 1500 cycles. A 
rectifier is connected to the output of 
each filter, and the output of each 
rectifier is, in turn, connected to a 
separate winding on the pulsing relay. 
This relay is polarized by a third 
winding connected to battery, and the 
two windings from the rectifier are 


equal and oppositely poled. When 
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Fig. 3—Receiving equipment on board ship and its association to radio apparatus 
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Fig. 4—103A Selector Set. As installed, a dust cover fits over the chassis shown and is 
fastened to it by three screws along each side of the base 


approximately equal amounts of both 
600 and 1500-cycle current are flow- 
ing, therefore, the two windings op- 
pose each other and the relay does not 
operate. When 1500-cycle current 
alone flows, however, the relay is 
operated to its front contact and cur- 
rent flows through the bias winding in 
the direction to hold the relay in this 
position. When 600-cycle current alone 
flows the relay is operated to its back 
contact and the current in the bias 
winding is reversed, holding the relay 
in this position. Thus alternate pulses 
of 600 and 1500-cycle current operate 
and release the pulsing relay and 
charge and discharge a condenser con- 
nected in series with the selector 
winding. It happens, moreover, that 


both in voice signals and in static the 


600 and 1500-cycle components are 
nearly equal, and thus the relay will 
operate only on the signal pulses. 
The reversals of current flowing 
through the selector winding due to 
charging and discharging the con- 


denser step the selector once for each ° 


reversal received. After each series of 
reversals corresponding to a digit 
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dialed at the sending station, the 
charging current reduces to zero, and 
the selector returns to normal unless a 
pin is in such a position on the rim of 
the 60 type selector as to be held by 
the stop arm. The time constant of 
the circuit composed of the selector 
winding and condenser is made to re- 
spond to frequencies corresponding to 
the normal speed of the dials used at 
the sending station. In this way inter- 
fering frequencies which might cause 
false operation of the selector in ad- 
dition to having their effect equalized 
by the opposing windings of the relay 
are further prevented from falsely 
operating by the necessity of their 
occurring at a definite frequency. 
When a call is answered, the hand- 
set receiver is removed from _ its 
switchhook, thus operating the trans- 
fer relay. This removes the selector 
set from the radio receiver output and 
connects the telephone receiver in its 
place. Also, direct current is con- 
nected through the selector winding, 
which moves the selector off the bell 
contact and stops the bell from 
ringing. When the telephone conversa- 
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tion is completed the handset is re- 
turned to its switchhook and the 
transfer relay is released. This returns 
the selector to normal and reconnects 
the signal-receiving set to the output 
of the radio receiver in preparation 
for receiving calls. 

This signalling system is now being 
used by a number of coastwise and 
harbor craft, and promises to be ap- 
plicable to a wider field than the one 
for which it was designed. Because it 


nalling system very similar to this one 
has been developed for use on order 
wires and private line service, which 
have a large number of subscribers 
connected together. The 60 type 
selector itself is not limited to the 
ability to respond to 60 codes. Besides 
the contact at the seventeenth hole 
others may be placed at the nine- 
teenth, twenty-first, twenty-third, etc., 
which not only give the possibility of 
many more code numbers but make it 


uses signals at voice frequency in- possible to perform different opera- | 
stead of the direct-current signals of tions at each selector station such as 

the original dispatching service, it is turning on or off lights or starting any | 
applicable to telephone lines. A sig- type of machine desired. 


Telephone Service During the Recent Floods 


Gas-filled cables convincingly demonstrated their value in maintaining long- 
distance telephone service during the recent floods throughout the northeastern 
section of the country. Due to the information which falling gas pressure gives 
about minute cracks in the sheath, it has been possible to maintain the con- 
tinuity of the sheath to a high standard, and the flooding water found few cracks 
through which to reach the insulation. When battered by floating debris or 
strained by slipping poles, a sheath began to give way, the gas under pressure 
delayed the entrance of water. So much nitrogen gas was used to maintain the 
pressure that a shortage of supply was threatened. When aerial wire lines of 
the telephone, telegraph and power companies were torn out, long-distance 
telephone cables continued to function, although in many cases they were 
deeply submerged for days. 

To restore service over the normal routing between the transatlantic control 
room in New York and the radio telephone station at Houlton, Maine, short- 
wave radio telephone receiving and transmitting sets designed for airplanes 
were employed. They were used to bridge the crossing over the Penobscot River 
at Oldtown, Maine, which was swollen from its ordinary three-quarter mile | 
width to a width of over six miles. Until this equipment was installed, service 
was maintained by an alternate routing through Calais. 

Long-distance calls over the week-end during the time of the worst floods rose 
to twice the usual volume. On Sunday the traffic handled at Buffalo was 245 
per cent above normal, at Pittsburgh 211 per cent, at Cleveland 137 per cent, 
at Philadelphia 95 per cent, and at New York 86 per cent above normal. To 
handle this volume of traffic, double the usual number of operators were working 
at the switchboards at most points. Improvement in repair work had enabled 
the telephone companies over the week-end to give service at practically the usual 
Speed except to the worst affected points where, due to the local telephone situ- 
ation, there was some delay in completing calls. 


April 1936 259 


j 
| 
| 
| 
H 
ve 
| 
. 


Lead Sleeve Cases for Loading Coils 


By J. E. RANGES 
Telephone Apparatus Development 


art of loading, every precaution 
has been taken in the design of 
cases for housing the loading coils to 
promote a long life of uninterrupted 
service. Since the cases are designed 
to be used either underground or on 
poles, this means both that water, or 
even moist air, must be kept out of 
them, and that the cases themselves 
must be protected from corrosion. 
Leads from the loading coils are 
brought out through a short length of 
lead cable, which at the time of in- 
stallation is spliced into the telephone 
cable. This “stub” cable, as it is 
called, is an important feature in the 
design of the case since a tight seal 
must be provided where it enters the 
case. In addition the cable must be 
protected from possible damage dur- 
ing manufacture, shipment, and han- 
dling prior to installation. 
For many years the cases were 
made of high-grade cast iron because 
of its ruggedness and resistance to 


) aes the very beginning of the 


deterioration by corrosion. They con- 
sisted of cylindrically shaped tanks 
with tightly sealed covers. The stub 
cable was brought through and fast- 
ened to the cover by a design which 
permitted a soldered connection be- 
tween the cable sleeve and a fitting at- 
tached to the cover. Metal brackets 
were provided to protect the stub 
prior to and after its installation. 
More recently—in order to obtain 
lighter, stronger, and less expensive 
cases—welded copper-bearing steel 
has been employed, as described in 
the Recorp for July, 1931. 

Both of these types of cases have 
been made in various sizes to accom- 
modate different numbers of coils, but 
up to about 1931 the rapid expansion 
of telephone facilities, involving the 
extensive use of large-size cables, re- 
sulted in greatest demand for the 
larger sizes of cases. The smaller cases 
were used chiefly for repair work and 
special installations. The cessation of 
large-scale expansion caused by the 


Fig. 1—A lead sleeve loading-coil case for fifteen coils mounted on a board for shipment 
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Fig. 2—A six-coil program loading-coil case of the lead sleeve type 


business depression resulted in smaller 
installations of loading coils, and in 
conjunction with certain changes in 
loading practice, caused a large rela- 
tive increase in the demand for com- 
plements of loading coils smaller than 
had been used heretofore. While the 
former design was economical for 
large complements of coils, it seemed 
likely that if a case were designed pri- 
marily for a few coils, considerable 
economies could be obtained. Such a 
development was undertaken by the 
Laboratories and a case of distinctly 
different design was produced. 

The new case consists of a lead alloy 
sleeve, of the type used for splicing 
telephone cables, with a small stub 
cable soldered in one end. Cases for 
fifteen exchange area coils and for six 
program coils, mounted on boards for 
shipping, are shown in Figures 1 and 
2 respectively. 

A lead alloy for housing loading 
coils has many advantages over other 
materials which could be used. Sleeves 
of lead-antimony alloys are made of 
the correct size and in large quan- 
tities for cable splicing, and as a re- 
sult of the large production, the cost 
is relatively low. Its properties are 
well known also, and it is a material 
that can be easily worked with simple 
tools. In addition it permits a ready 
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seal between the case and the stub 
cable. Another important advantage 
of this alloy is its ability to withstand 
the corrosive effects of the elements 
encountered either in aerial or under- 
ground installations. No expensive 
finishes are required to prolong its 
life. Lead antimony is not so strong as 
cast iron or steel, but freedom from 
corrosion, ease of working, and low 
cost are the controlling factors for the 
smaller size cases. 

Another advantage of the lead case 
is the greater ease with which it may 
be installed. With the heavier and 
more bulky welded case it had been 
standard practice for the cases to be 
transported to the point of installa- 
tion and set in place by a construc- 
tion gang, specially equipped for 
heavy work. A splicing gang would 
come along later to connect the load- 
ing with the cable. With the much 
lighter lead sleeve cases it became the 
accepted practice for the splicing 
gang itself to transport and place the 
cases as well as to splice them into 
the cable. A comparison in size and 
appearance of the lead sheath and 
sheet-steel cases is shown in Figure 4, 
where both are 5-coil complements, 
shown arranged for shipment. The 
steel case is in the form used for 
underground installations, a different 
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Fig. 3—Coil assembly for 15-coil exchange-area cable as arranged for the 
lead sheath design 


protective coating being used for 
aerial installations. The lead sheath 
cases may be used for either type of 
installation without change. They are 
also small enough so that they may be 
suspended from the same steel strand 
that carries the cable to be loaded. 


Fig. 4—Comparison in shipping size of sheet steel, left, and 
lead-sheath loading-coil cases, each housing five coils 
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An assembly for a 15-coil case, 
housing the smallest size exchange 
area coil, is shown in Figure 3. The 
lead cable that serves to carry the 
connections to the coils out of the 
case is employed as the supporting 
spindle that runs through the center 
of the coils. The wires 
of the cable come out 
at the bottom and are 
formed into cables run- 
ning up opposite sides 
of the coils with leads 
taken out at each coil. 
A washer soldered to 
the sheath of the cable 
at the bottom, and a 
cover to the case sol- 
dered to the sheath at 
thetop,servetoholdthe 
assembly in position. 

The case itself has a 
lead bottom plate sol- 
dered to it, and after 
the coil assembly has 
been placed in it, the 
top is also soldered to 
form a strong and 
air-tight joint. When 
completely assembled, 
the case is tested with 
air pressure to insure 
its tightness, and is 
then placed in a tank 
where any moisture 
that may have been 
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taken up by the textile insulation dur- 
ing assembly is removed by alternate 
applications of dry air and vacuum at 
elevated temperatures. This testing 
and drying is accomplished by means 
of a small hole left in the cover, and 
after the drying period, while still 
under vacuum, the case is filled with 
an insulating compound through the 
same hole. The case is then removed 
from the tank and the hole in the 
cover plate is sealed. 

The new cases employed for pro- 
gram-circuit loading coils are of the 
same general construction as those 
described above for exchange area 
coils. They are somewhat longer and 
larger in diameter, 
however, because of 
the larger coils and in- 
creased spacing be- 
tween them. A special 
shielding construction 
is also used in these 
cases to reduce the ef- 
fect of cross-talk to a 
minimum, but in spite 
of these facts a sub- 
stantial reduction in 
size and weight was 
possible compared to 
the welded steel cases. 
The comparative size 
of the two types is 
shown in Figure 5. The 
difference in weight, 
however, is greater 
than would be inferred 
from the photograph, 
since the lead cases 
weigh only about one- 
half as much as the 
steel ones. 

The internal ar- 
rangement of these 


steel and insulating washers, and 
by wood terminal blocks. An inner 
steel sleeve, shown at the right, 
slips over the assembly and with- 
in the sheath, which it reénforces, 
thus lessening the likelihood of dam- 
age from improper handling. The 
wood terminal blocks between adja- 
cent coils serve two purposes. They 
provide the necessary separation be- 
tween coils to reduce cross-talk, and 
also, by means of terminal punchings, 
simplify the connection of coil leads 
to the wires of the stub cable. 

The program loading coil cases are 
of two types, each containing either 
four or six coils. These two types dif- 


cases is shown in Fig- Fig. s—Comparison of welded-steel and lead sheath loading- 
ure 6. The coils are coil cases for loading program circuits, each case housing 


separated by both six coils. The lead case weighs one-half as much as the steel 
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fer only in the method ot impregnat- 
ing the coil assembly and in the filling 
of the case. With one type, the drying, 
impregnating, and filling the case 
with compound is carried out in the 
same manner as described for ex- 
change-area cable cases. This type is 
designed primarily for use in under- 
ground installations. For aerial cables, 
the filling compound is omitted, and 
instead, specially dried air is employed 
to fill the spaces around the coils. 
With this latter type the coil assembly 
is dried and impregnated with com- 


pound before it is assembled in the 
lead housing. After the case has been 
sealed it is tested for leaks under 
pressure and then filled with air at a 
pressure of ten pounds per square 
inch. These cases also may be sus- 
pended directly from the cable. 
These new cases are available for 
complements of fifteen or less coils 
of the sizes for which the design has 
been completed. Their light weight, 
small size, and low cost should prove 
of great advantage wherever only a 
small complement of coils is required. 


Fig. 6—The internal arrangement of the program loading- 
coil cases differs because of the more effective spacing and 
shielding required for this type of service 
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Testing the stability of 

tuning-fork oscillators, in 

the carrier telephone 
laboratory. 


I] 


Equalizing network. 


IT] 


Cleaning quartz crystals. 


IV 


Patching panel for test- 
ing toll lines. 


News of the Month 


CoLLOQUIUM 


H. B. Briccs presented a paper en- 
titled The Optical Constants of Potassium 
at the February 17 meeting of the Col- 
loquium. He said that interest in the 
optical constants of the alkali metals is 
based on the possibility which they fur- 
nish for calculating the rate at which 
energy is absorbed by a thin film of the 
metal. Previous work in the visible range 
had shown interesting correlations be- 
tween the rate of absorption of energy 
and the rate of emission of photo- 
electrons. As a result of this work the 
correlation for potassium is extended to 
include the ultra-violet range. The cal- 
culated absorbed energy shows a spectral 
maximum closely related to that deter- 
mined from measurements of photo- 
electric emission. 

Professor Henry Norris Russell, 
F.R.A.S., noted astrophysicist of Prince- 
ton University, was the guest speaker of 
the Colloquium on March 2. He spoke on 
the determination of the composition of 
the sun and other celestial bodies by 
spectrum analysis and indicated how 
quantitative as well as qualitative results 
could be obtained. 


MERCHANDISING CONFERENCE 


THE SEMI-ANNUAL conference of Gray- 
bar District Sales Managers, Western 
Electric specialists, and Laboratories’ 
engineers for the purpose of codrdinating 
activities in the radio broadcasting, public 
address, police radio and related fields 
took place during the week of February 
24. The technical sessions were held in the 
Laboratories’ auditorium and at the 
Whippany Radio Laboratory. On Tues- 
day, M. J. Kelly, H. A. Pidgeon, H. E. 
Mendenhall, V. L. Ronci, C. E. Fay and 
J. R. Wilson described recently intro- 
duced vacuum tubes and the general 
tube development program. In the after- 
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noon, H. Rossbacher of the Western 
Electric Company conducted the group 
on an inspection tour of the Tube Shop 
at 395 Hudson Street. 

On Wednesday, O. M. Glunt introduced 
the topic of radio broadcasting and R. E. 
Poole, W. L. Black, W. C. Jones, R. F. 
Coram, F. W. Cunningham and F. L. 
Nelson discussed the existing line of 
Western Electric apparatus which in- 
cludes radio transmitters, speech input 
equipment, microphones, and antennas. 

The Whippany Laboratory was visited 
on Thursday morning and W. H. Doherty, 
R. E. Poole, A. W. Kishpaugh and E. L. 
Nelson outlined our plans for high power 
broadcasting transmitters. In the after- 
noon, the party inspected the radio sys- 
tems of the Morristown and Newark 
Police Departments. On Friday the Con- 
ference again met in the auditorium 
where W. L. Tierney, F. M. Ryan, T. E. 
Shea and W. A. MacNair talked on police 
radio systems, sound systems and public 
address equipments. 


News Nores 

L.. Apporr and C. H. Kern visited 
the Breeze Corporation in Elizabeth and 
the J. S. Popper Company in Newark to 
discuss the manufacture of strain insu- 
lator links. 

G. PuLLER was at Akron on the instal- 
lation of an improved theatre reproduc- 
ing system in that city. 

E. H. Jones discussed switches for the 
program sound system with various engi- 
neers of the Harvey Hubbell Company of 
Bridgeport, Connecticut. 

W. L. Berris spent a week in Haw- 
thorne on the design of apparatus for 
Government use. 

H. C. Curt visited Washington to dis- 
cuss communication problems with engi- 
neers of the Bureau of Engineering of the 
United States Navy Department. 
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J. C. Herser supervised the installa- 
tion of a 1-kilowatt radio broadcasting 
equipment at Station WHDH of The 
Matheson Radio Company, Boston. 

R. S. Bair visited Washington to dis- 
cuss radio matters with the United States 
Coast Guard. 

R. M. Pease supervised the installation 
and testing of an ultra-high-frequency 
police radio system for the City of 
Wheeling, West Virginia. 

O. W. Towner spoke on Police Radio 
Systems before the Erie and Newark 


Lowell Thomas, who broadcasts the “News Voice of the Air” 


Sections of the A. I. E. E. on February 
17 and 19, respectively. : 

On Fesruary 12, C. E. Lane spoke at 
a luncheon of the Electrical Club of Mon- 
treal on the subject Wave Motion and the 
Characteristics of Speech, Music and 
Other Waves Used in Communications. He 
later addressed meetings of the Engineer- 
ing Institute of Canada at Montreal and 
the American Institute of Electrical En- 
gineers at Toronto on the subject Wave 
Filters—Their Uses and Characteristics, 

R. M. C. GreenipGe and J. E, 
RANGES were at Haw- 
thorne the week of Feb- 
ruary 2 to discuss load- 
ing coil cases and the de- 
sign and manufacture of 
loading coils using im- 
proved alloy cores. 

R. L. Exciorr of the 
Northern Electric Com- 
pany visited the Lab- 
oratories to discuss with 
A. F. Gilson, R. M. 
Moody, J. F. Baldwin 
and others various prob- 
lems that are of interest 
to that company. 

THe 
House in Newark was 
visited by F. Hardy, A. 
N. Jeffries, Lohmeyer, 
E. A. Whelan and E. S. 
Savage, in company with 
engineers of the Western 
Electric Company in 
connection with the re- 
pair of fuses. 

C. E. NE son visited 
the offices of the New 
York Telephone Com- 
pany in Buffalo and those 
of The Bell Telephone 
Company of Pennsyl- 


for the Sun Oil Company, staged his talk of March to in the vania in Philadelphia on 
Museum of Bell Telephone Laboratories. This day was the the maintenance of panel 
sixtieth anniversary of the date when the first complete sentence banks in central offices. 


was transmitted over the telephone to Thomas A. Watson by 


C. H. WuHee er and 


Alexander Graham Bellin his Boston Laboratory. With Mr. G. H. Downes, at the 
Thomas is William Chauncy Langdon, Historical Librarian offices of the Southern 


of the American Telephone and Telegraph Company 
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in Atlanta, observed an investigation 
being made on universal keys. 

Durinc THE week of February to, 
H. A. Frederick, J. J. Kuhn, H. O. Sieg- 
mund and J. R. Townsend were at Haw- 
thorne to discuss the combined handset, 
phenol plastic moulding, die casting and 
other apparatus problems with engineers 
of the Western Electric Company. While 
in Chicago, Mr. Siegmund also visited 
the Teletype Corporation. 

R. L. PEEK has been appointed Secre- 
tary-Treasurer of the Society of Rheology. 

W. J. Farmer gave a lecture before the 
Wohler Chemical Society of Pratt Insti- 
tute on the subject 4/uminum and Its 
Alloys on February 19. 

T. E. SHea and W. A. MacNatr, 
demonstrated the program sound system 
to the New York Graybar House and to 
executives of the Graybar Company 
Sales Organization. 

C. H. Greenati, G. M. Bouton and 
J. W. Kennarp inspected lead-antimony 
cable at Rockville Center, Long Island. 

C. F. Swasey, at the Weston Electrical 
Instrument Corporation at Newark, dis- 
cussed meterand voltmeter relay problems. 


ALBERT F. WEBER 


DuRING THE PAST ten years, whenever 
a member of the Laboratories died it was 
A. F. Weber who represented the Labora- 
tories and codrdinated its assistance to 
the bereaved family. This he did in his 
official position as Secretary of the Em- 
ployees’ Benefit Committee; but it was 
his personal characteristics and ability, 
his kindness and tact, and the quiet ef- 
ficiency of his ever-ready assistance, 
which won universal regard. 

And now Al Weber is gone. His sudden 
death on March 4, following a heart 
attack, brought to a close an honorable 
and helpful career. The members of the 
Laboratories and those of their families 
who knew him regret his death and ex- 
tend their heartfelt sympathy to the 
family he has left behind. 

Mr. Weber was born June 15, 1894, at 
Carlisle, Pennsylvania, and after gradua- 
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A. F. Weber 


tion by Pennsylvania State College in 
1916 as an electrical engineer he entered 
the Hawthorne Works of the Western 
Electric Company. A few months later 
he transferred to New York City as a 
member of the circuit development group 
of that company’s Engineering Depart- 
ment, now the Laboratories. Here he soon 
developed an interest in personnel prob- 
lems and was active in the selection and 
training of new circuit engineers. After 
the formation in 1918 of a Personnel 
Department for the entire Engineering 
Department, Mr. Weber became a mem- 
ber of that department and advanced 
with rapidly increasing responsibility to 
the position he held at the time of his 
death of Employee Relations Director 
and Secretary of the Employees’ Benefit 
Committee. 


* * * * * 
M. W. Lane of the Western Electric 
Company at Hawthorne visited the 


Laboratories in connection with work on 
the combined handset. 
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Kk. K. Darrow presented a 
paper Early History of the Dif- 
fraction Grating which was a 
part of a Symposium on the 
Diffraction Grating held before 
a joint session of The Ameri- 
can Physical Society and The 
Optical Society of America in 
New York. Dr. Darrow spoke 
on The Newly Discovered Ele- 
mentary Particles before Phi 
Lambda Upsilon of New York 
University. He also attended a 
meeting of the Bartol Research 
Committee at the Franklin 
Institute in Philadelphia. 

R. M. Burns talked on The 


Cable Sheath before a group of 
about seventy-five engineers of 
the Long Lines Department and the New 
York Telephone Company. He also spoke 
before the Connecticut Valley Section of 
The American Chemical Society at Mer- 
iden, Connecticut, on The Corrosion of 
Metals and Its Prevention. Mr. Burns at- 
tended a conference at the National 
Bureau of Standards at Washington in 
which the subject of soil corrosion in its 
various aspects was discussed. 


P. J. MonaHan 


on March 20, completed 
thirty years of service in 
the Bell System 


[iv] 


W. I’. Mayes 
Chemistry of Corrosion and Its. on March 25, completed 
Application to the Corrosion of — thirty years of service 
in the Bell System 


H. M. Hacianpb 


on March 7, completed HH. A. Pidgeon, M. F. Jameson 


thirty years of servicein and C. H. Prescott on a recent 
the Bell System 


L. M. 


on March 18, completed 
thirty years of service in 


the Bell System 


VARIOUS ‘TRANSMISSION instrument 
problems, with particular emphasis on 
items pertaining to station handsets, were 
discussed with Hawthorne engineers in 
Chicago by M. J. Kelly, H. A. Larlee, 
L. E. Krebs and C. H. G. Gray. 

GLAss PROBLEMS found in the manu- 
facture and operation of vacuum tubes 
took V. L. Ronci to the Corning (New 
York) Glass Works and to the offices 
of the United Air Lines and 
of the American Air Lines 
at Chicago. 

A. L. SamueEL attended a 
meeting of the Institute of 
Radio Engineers that was held 
in Philadelphia. 

T.C. Fry spoke on 4 Mathe- 
matical Theory of Rational In- 
terference at a meeting of the 
Cincinnati section of the Sigma 
Xi Society, Cincinnati, Ohio. 
He also attended a meeting of 
the visiting committee of 
Brown University of which he 
is a member. 

CERTAIN REPEATER tubes on 
field test were inspected by 


trip to New Haven. 
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_H. Incmanson and A. R. Kemp 
visited the Point Breeze plant of the 
Western Electric Company to witness 
drop-wire covering operations. 

R. M. Bozortu spoke on Ferromagnetic 
Theory at a meeting of the Radio Col- 
Joquium held at the Deal Radio Labora- 
tories in New Jersey. 

Harvey FLETCHER participated in a 
symposium covering the effect of noise on 
health and disease held at the New York 
Academy of Medicine. Dr. Fletcher 
described a method of rating the loudness 
of noise in decibels and demonstrated 
various noises of different loudness. This 
meeting was held in conjunction with the 
work of Mayor LaGuardia’s Noise Abate- 
ment Commission, for the purpose of 
summing up various phases of work 
which has been done by the committee on 
technical and medical aspects. 

* * * 


THE FIRST CONNECTION of C. P. Wells 
with the Bell System was in the Engineer- 
ing Department of the Colorado Tele- 
phone Company in 1go1. In 1902 he came 
to the old New York and New Jersey 
Telephone Company where he engaged 
in testing common battery equipment in 
the manual offices in Brooklyn that were 
being installed to replace the older 
magneto offices. 

A year and a half later Mr. Wells went 
to Pittsburgh with the Central District 
and Printing Telegraph 
Company, now part of The 
Bell Telephone Company 
of Pennsylvania. Here, for 
three and a half years, he was 
wire chief in a residential of- 
fice and then founded and con- 
ducted a Plant Department 
school. In 1910 he left the Bell 
System to become an electrical 
engineer with the Jones and 
Laughlin Steel Corporation 
and later with the Sundh Flec- 
tric Controller Company. Dur- 
ing the first part of the World 
War he was on the teaching 
staff of Pratt Institute train- 
ing men for the Navy. 
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In December, 1917, he joined the 
Engineering Department of the Western 
Flectric Company in the group writing 
equipment specifications for trial instal- 
lations, including the early dial offices. 
Since 1930 he has been associated with 
the trial installations of cable-carrier sys- 
tems and unattended repeater stations at 
the Morristown laboratory of the Sys- 
tems Development Department. On 
March 3, Mr. Wells joined the group 
having twenty-five years of service in 
the Bell System. 


On Marcu 9, 1936, C. F. Seibel com- 
pleted twenty-five years of continuous 
service with the Engineering Department 
of the Western Electric Company and 
the Bell Telephone Laboratories. He 
received his technical training at Col- 
umbia University and entered the West- 
ern Electric Company in New York in 
March, 1911.” 

For the succeeding three years he was 
engaged in the testing of manual tele- 
phone switchboards, power plants, line 
materials and the writing of specifications 
for line materials. Since that time he has 
specialized in the development of dial 
telephone systems and the interconnec- 
tion of such equipments with manually 
operated systems. He has contributed to 
each of the major developments of this 
character since the introduction of the 


C. F. Seibel 
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Modulator for open-wire carrier-current system in its developmental stage 


original semi-mechanically operated cent- 
ral offices in Newark, New Jersey, in 1915. 

In this period he has directed groups of 
engineers responsible for the design and 
laboratory test of circuits for local dial, 
tandem, call indicator and key indicator 
telephone systems. For three years he was 
in charge of relay winding design for local 
and toll systems. Many new improve- 
ments and cost reduction developments 
were completed during this time. During 
this period he was also responsible for 


setting up in specification form procedures 


for adjusting and other requirements for 
apparatus employed in central offices. He 
also directed a group jointly responsible 
with the American Telephone and Tele- 
graph Company and Western Electric 
Company for the establishment of per- 
formance requirements necessary for 
central office equipments to meet to be 
considered acceptable for turnover to the 
purchasing telephone company. He was 
an engineering representative at Omaha, 


[vi] 


Nebraska, during the period of prepara- 
tion for and cutover of the initial panel 
dial central office and interconnecting 
equipment. The groups now reporting to 
him are engaged in circuit design for the 
new crossbar dial system. 

* * * * * 

FOUR STAR SERVICE emblems signifying 
the completion of twenty years of service 
in the Bell System were awarded to 
eleven members of the Laboratories dur- 
ing the month of March. In the Apparatus 
Development Department, J. M. Watson 
completed twenty years of service on the 
first, John Sailliard on the seventeenth, 
J. M. Wilson on the twenty-seventh and 
R. S. Bair on the twenty-eighth; in the 
Research Department O. J. Finch on the 
sixth and T. C. Fry on the thirteenth; 
in the Systems Development Department 
William Weikert on the twelfth, O. C. 
Hall on the thirteenth and A. C. Powell 
on the sixteenth; in the Transmission De- 
velopment Department H. A. Affel on 


April 1936 


x if 
| 
| 
| 
| 


the thirtieth; in the General Service De- 
partment Veronica Monahan on the ninth. 
K. M. Ferzer gave a talk before the 
Science Club of Leeds and Northrup 
Company in Philadelphia on the subject 
Compensation for Temperature Effects in 
Telephone Cable Circuits. 

On a TRIP to the Chester Laboratory, 
A. L. Fox, R. N. Hunter, J. W. Kennard, 
A. L. Whitman and L. T. Wilson wit- 
nessed experiments on new methods of 
open-wire construction that are now being 
developed by the Laboratories. 

Cross-TALK DATA at carrier frequencies 
on sections of toll cables were obtained by 
F. W. Amberg, O. H. Coolidge and L. 
Hochgraf in LaGrange, Indiana, where 
they spent several weeks. 

MEASUREMENTS of attenuation at car- 
rier frequencies on toll cables have also 
been made at La Grange by J. T. Dixon, 
H. G. Gorden and R. S. Hawkins. 


* * * * * 


MEMBERS OF THE Laboratories learned 
with regret of the deaths of Edward F. 
Nagel of the Systems Development De- 
partment on February 22 and of Gregory 
R. Carleton of the Plant Department on 
February 28, both from pneumonia. 


E. F. Nagel 


Mr. Nagel graduated from the Orange 
(New Jersey) High School in 1925. Com- 
ing to the Laboratories immediately, he 
entered the Systems Development De- 
partment as a draftsman and student 
assistant. His first work was in the circuit 
and wiring diagram drafting groups. In 
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1929 he transferred to the equipment 
group where, excepting a few months spent 
on photo retouching, he was engaged in 
drafting until the time of his death. 


G. R. Carleton 


After graduation from Brooklyn Pre- 
paratory School in 1924, Mr. Carleton 
worked in several industrial companies 
until 1929 when he joined the Plant De- 
partment of the Laboratories. He en- 
tered as a general assistant in the power 
plant group and was engaged in clerical 
work for about a year. He then advanced 
to power-room operator. After four years 
in this work he became a night electrician, 
which position he held until his death. 


W. M. Bacon was in Cleveland, De- 
troit, Chicago, St. Louis and Atlanta 
from February 12 to 26 on teletypewriters 
and teletypewriter service. 

ConTACT PROBLEMS in dial equipment 
were investigated by W. B. Mosher, C. E. 
Nelson and H. W. Purcell in several dial 
offices in Philadelphia. 

MEASUREMENTS of open-wire line char- 
acteristics at high frequency are being 
carried on by H. H. Benning, Jr., W. H. 
Tidd and L. F. Staehler, between Wend- 
over and Salt Lake City, Measurements 
of attenuation, impedance and noise are 
being made. 

G. B. Thomas represented the Labora- 
tories at the Bell System College Rela- 
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tions Conference, Eastern Division, in 
New York on January 30 and 31, and 
Western Division in Chicago on February 
3 and 4. Mr. Thomas also attended the 
Personnel and Office Management Con- 
ference of the American Management 
Association in Chicago on February 5 to 
7, inclusive. 

THE LABORATORIES were represented 
in interference proceedings at the Patent 
Office in Washington by H. A. Burgess 
before the Board of Appeals and by R. J. 
Guenther and B. F. Stoddard before the 
Primary Examiner. 

P. J. Rocue was at the Patent Office 
in Washington in connection with routine 
patent matters. 

J. W. Scumtep and W. F. 
visited the Teletype 


SIMPSON 
Corporation in 


Chicago in connection with interference 
proceedings. 

Dwurinc THE MontH of February pat.’ 
ents were issued to the following members 
of the Laboratories: 


TY. Aamodt L. H. Johnson 
L. T. Anderson F. A. Leibe 
A. F. Bennett I. K. Low (2) 


H. W. Bode R. F. Mallina 

F. A. Bonomi J. M. Melick 

L. J. Bowne N. Monk 

H. T. Carter E. R. Morton 
H 


T. L. Corwin . Neill 

E. Dietze . Nyquist 

J. M. Duguid R. K. Potter (4) 
L. Espenschied V. E. Rosene 
J.C. Field J. H. Sole 

O. M. Glunt G. P. Tromp 

I. Gray E. L. Vibbard (2) 


FE. I. Green (2) 
H. C. Harrison 
A. R. Kemp 


C. F. Wiebusch 
R. R. Williams 
S. B. Williams 


Report oF BENEFIT COMMITTEE 


Fewer lost time accidents occurred dur- 
ing 1935 than in any previous year at the 
Laboratories. Accident disability benefits 
and medical expenses were paid in 26 
accident cases, only 12 of which involved 
loss of working time. Sickness benefits 
were paid to employees eligible to benefits 
under the Plan for Employees’ Pensions, 
Disability Benefits and Death Benefits in 
520 cases of sickness of more than one 
week’s duration. 

Kive members of the Laboratories were 
retired with pensions in 1935, making a 
total of 80 receiving pensions at the close 
of the year. Four retired members died 
during the year and one, who was former- 
ly receiving a disability pension, returned 
to work. Fifteen members of the Labora- 
tories died during 1935 and, in accordance 


with the Plan, where eligibility to Death 
Benefits existed, payments were author- 
ized to beneficiaries of the deceased 
employees. 

A statement of payments made during 
1935 under the Plan for Employees’ 
Pensions, Disability Benefits and Death 
Benefits, as prescribed in Section 8, para- 
graph 30 of the Plan, is given below. 


Accident Disability Benefits and Re- 


4,661.34 
Sickness Disability Benefits........... 94,432.96 


J.S. Eowarps, Secretary, 
Employees’ Benefit Committee. 


The above statement of payments audited and found correct. 


E. J. Sanrry, General Auditor. 
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High Permeability and Plastic Flow 
in Magnetic Fields 


By JOY F. DILLINGER 


HE curious fact that the mag- 
netic properties of iron and 
silicon steel are somewhat af- 
fected by cooling from high tempera- 
tures in a magnetic field has been 
known for years. Recent experiments 
have uncovered this effect in greatly 
accentuated degree in some of the 
new magnetic alloys of iron, nickel 
and cobalt, where the maximum mag- 
netic permeability has been increased 
from 20,000 to 600,000. Experiments 
on other materials lead to the con- 
clusion that this effect will be observed 
only when the material, in cooling, 
passes the Curie point and becomes 
magnetic at a temperature at which 
plastic flow can take place. Iron and 
other materials which harden before 
becoming magnetic show only very 
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small changes in permeability when 
cooled in a magnetic field. 

The lowest temperature at which 
the heat treatment is effective can be 
identified with that at which plastic 
flow begins to occur as the result of 
the forces brought into play by mag- 
neto striction. This plastic flow hy- 
pothesis is in accord with all the ex- 
perimental data provided we can 
show how plastic flow in the presence 
of a field increases the permeability in 
the direction of that field. In order to 
understand this we start with the idea, 
as first proposed by Weiss many years 
ago and recently discussed by Web- 
ster, Heisenberg, Becker and others, 
that a magnetic material is composed 
of small domains, in each of which the 
material is magnetized to saturation 
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in some direction. In iron and perm- 
alloy this direction is one of the cubic 
axes of the crystals but in an unmag- 
netized polycrystalline specimen, in 
which the crystals are oriented at 
random, some domains are magnetized 
in every possible direction. As the 


a 
DOMAIN ABOVE JUST BELOW CURIE POINT. 
CURIE POINT TENDS TO CHANGE SHAPE 
UNDER INTERNAL MAGNETIC 
FORCES 
d 


EXTERNAL MAGNETIC 
FIELD H AT RIGHT ANGLES. 
RESISTS CHANGE IN SHAPE 


DIRECTION OF MAGNETIC 
FIELD REVERSED BY 
EXTERNAL FIELD H. 
NO CHANGE IN SHAPE 


Fig. 1\—A magnetic alloy may be assumed to consist of small 


domains each magnetized to saturation. 


become magnetized along one of the 
cubic axes; but as it does so it will tend 
to change its shape. If time is al. 
lowed, it may actually assume by 
plastic flow an ellipsoidal shape as 
shown in an exaggerated form in (c), 
Then when the material is cooled to 
room temperature and 
is magnetized in the 
direction indicated in 
(d), the magnetization 
in this domain will re- 
verse by 180 degrees to 
one of its other stable 
BELOW POINT positions closely 
AND sLowLy cooLeo. aligned with the field. 
CHANGES SHAPE 
No change in shape 
will occur during this 
change in magnetiza- 
tion. If, however, still 
at room temperature, 
we apply the field at 
right angles as indi- 
cated in (e), the do- 
main will tend to 
change its shape as 


MAGNETIC FIELD H 
APPLIED AFTER 
RAPID COOLING. 


NO CHANGE INSHAPE shown by the dashes. 


But this change will be 
opposed by the me- 


These domains 


orient themselves in a magnetic field and permanently change chanical constraints 
shape if the alloy is at a sufficiently high temperature to due to the surrounding 
permit plastic flow. Subsequent magnetization takes place material and will be ef- 


more readily in the direction of the original field 


field is applied the magnetization of 
the various domains changes by go 
or 180 degrees to become more closely 


_aligned with the field. 


Now consider what will happen to 
these regions as the material is heated 
above the magnetic transformation 
point. More specifically let us take, 
as shown in Figure 1 (a) a region, as- 
sumed spherical for convenience, which 
is above the magnetic transformation 
point, but which will form a magne- 
tized domain when cooled below this 
temperature. As shown in (b), it will 
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fected with very much 
more difficulty than 
when the field is applied in the direc- 
tion shown in (d). If in another ex- 
periment the material is cooled rap- 
idly enough through the magnetic 
transformation point down to a tem- 
perature less than 400 degrees Centi- 
grade, there will be insufficient time 
for any change in shape to occur by 
plastic deformation and the domain 
will maintain more or less its original 
spherical form. In such a condition (f) 
the magnetization of the domains 
may change from go or 180 degrees 
with equal facility. 
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When a material is magnetized the 
domains will try to orient themselves 
as nearly as possible in the direction 
of the applied field, and if the tem- 
perature is sufficiently high, plastic 
flow will occur to relieve the strains 
produced by the magnetization. Under 
these conditions after the material is 
cooled to room temperature and de- 
magnetized the domains will still re- 
tain their preferred directions and it 
will be relatively easy to remagnetize 
the specimen in the direction in which 
the magnetic field was applied during 
heat treatment. To magnetize the ma- 
terial at right angles to that direction, 
however, each domain must change 
by go degrees and very large mechani- 
cal forces will be operative to resist 
this change. This simple picture, then, 
indicates why the permeability should 
be higher in a field applied in the di- 
rection of the field used during heat 
treatment and lower when applied 
perpendicular to that direction. Ac- 
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Fig. 3—The increase in permeability which 
results from heat treating in a magnetic 
field is very large for some permalloys as is 
shown in curve (a). The other curves give for 
comparison the permeability when the same 
alloys are cooled rapidly (b) or slowly (c) 
without applying a magnetic field 


tually the ratios of these permeabili- 
ties may be as much as I50. 

The permeabilities of all of the 
alloys thus far tested which have 
compositions lying within the outlined 
area shown in Figure 2 are increased 
by such heat treatment 
in a magnetic field. 
The magnitude of the 
result and the bearing 
of the composition of 


the alloy on the effect 
is illustrated in Figure 


3, where the maximum 
permeability of a series 
of iron-nickel alloys is 


given. Curves b and c 
show for comparison 


60 
IRON IN PER CENT 


40 


Fig. 2—The permeability of alloys whose compositions lie 
within the area enclosed by the heavy line is increased by heat 


treating in a magnetic field 


April 1936 


the permeabilities ob- 
tained when similar 
alloys are rapidly or 
slowly cooled without 


an applied field. 
267 
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The experimental 
procedure in studying 
these effects was to 
prepare rings of the 
material 8 cm. in diam- 
eter, 0.015 cm. in rad- 
ial thickness and 0.3 
cm. wide, made from 
one turn of tape over- 
lapped about 0.4 cm. 
and spot welded. Each 
ring was placed in a to- 
roidal lavite box and 
wound with deoxidized 
copper wire for mag- 
netizing. It was then 
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MAGNETIC FIELD 
IS EFFECTIVE NOFIELD 3,800 
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TEMPERATURE IN DEGREES CENTIGRADE 
68 
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— 
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Fig. 5—The temperature range in which the effect of cooling 
in a magnetic field is most effective in increasing the perme- 
ability of 65 per cent nickel permalloy is from 600° C. to 400°C, 


annealed in hydrogen at about 1000 placed in a second toroidal box to pro- 


degrees Centigrade for one hour and 


tect the specimen from strain and two 


cooled in the furnace while a magne- windings were applied on the outside 


tizing field of 16 oerteds was applied. 
After annealing, each sample was 


- 13,000 


of this box for the magnetic measure- 
ments. These were made with a Ha- 

worth fluxmeter.* Hys- 
13,000 teresis loops were pho- 
tographically recorded 
with the same instru- 
B ment. The shapes of 
, the loops obtained with 


alloys annealed in a 
magnetic field are of- 
ten very different from 


those usually found as 
y 


L-13,000 


- 13,000 


is shown in Figure 4. 
To find the temper- 


~13000 ature range in which 


13,000 


the application of 
the field is important, 


8 several specimens of 
permalloy from the 


13,000 


same casting were 
heated to 1000 degrees 
Centigrade and cooled 
to room temperature 
while a magnetic field 
of 10 oersteds was ap- 


L -13,000 


Fig. 4—Hysteresis loops obtained with alloys cooled from a 
high temperature in a magnetic field are often very different 
in appearance from those normally found. The vertical sides 
represent changes in magnetic flux which are not instantaneous 
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plied during the tem- 
perature intervals indi- 
cated in Figure 5. The 


*REcoRD, December,1930,p-167. 
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effect upon @he maximum perme- 
ability, as measured at room tem- 
erature, shows that application of 
the field as the specimen cools from 
600 to 400 degrees Centigrade, in- 
creases the maximum permeability 
from about 5000 to 250,000, or by a 


factor of 50. By very carefully anneal- 
ing permalloy containing 65 per cent 
nickel at temperatures just below its 
melting point in an atmosphere of hy- 
drogen and then heat treating in a 
magnetic field, the high permeability 
of 600,000 has been attained. 


In studying hysteresis effects a ring of the material is placed in a toroidal box which is 
wound with copper wire for magnetizing 
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An Electrical Stethoscope for the 
General Practitioner 


By W. L. BETTS 
Special Products Development 


OR a number of years the 

Western Electric Company has 

had available an electrical steth- 
oscope suitable for diagnosing heart 
ailments and for all other forms of 
auscultation in places such as hospitals, 
where portability of the apparatus is 
of minor consideration. This instru- 
ment is of the wagon” type, and, 
besides being equipped with a number 
of filters to permit the isolation of 
various bands of frequencies, is ar- 
ranged for multiple listening, so that 
a group of students can listen to 
sounds while their cause and signifi- 
cance are explained by the instructing 
physician. The great advantage of 
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amplification, possible by the use of 
an electrical stethoscope, was brought 
out by experience with this instru- 
ment and has indicated the desir- 
ability of an electrical stethoscope 
arranged in a more portable form. 
As a result the Laboratories has 
recently developed a new stethoscope, 
known as the 3A, which is small and 
light enough to be carried around by 
the general practitioner. 

In this new instrument, size and 
weight have been decreased by limit- 
ing the number of possible listeners 
to two, by eliminating most of the 
filters employed by the former type, 
and by a careful design and selection 
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of apparatus with the objective of 
reducing weight without affecting the 
usefulness of the instrument. The new 
stethoscope consists primarily of a 
magnetic “pick-up” and receiver and 
a two-stage amplifier operated by dry 
batteries. It is completely housed in 
a small carrying case about a foot 
long, nine inches high, and less than 
five inches deep. 

The pick-up employed for the 
stethoscope is a modified telephone 
receiver. A projection from the dia- 
phragm, in the form of a truncated 
cone, is pressed against the patient’s 
chest and the heart sounds vibrate 
the diaphragm, thus producing in the 
windings of the magnets weak electrical 
pulsations which are increased in 
strength a million-fold by the ampli- 
fier. The case of the pick-up is held 
by a flexible rubber ring to prevent 
vibrations being transmitted to it 
from the physician’s hand, and the 
case itself is made heavy so as to 
remain practically mo- 
tionless while the light 
diaphragm is vibrat- 
ing. This pick-up is re- 
markablyunresponsive 
to extraneous sounds, 
and has a frequency 
range running from 60 
cycles to 1500 cycles, 
which easily covers the 
heart sounds. 

The amplifier has a 
maximum gain of 60 
db, and a power capac- 
ity sufficient to supply 
several receivers at 
acoustic-stethoscope 
loudness. Itsfrequency- 
gain characteristic is 
essentially flat over a 
range in excess of that 
covered by the pick- 
up. It is mounted in a 
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compartment directly behind the con- 
trol panel, and is accessible by un- 
screwing a thumb screw, which allows 
the entire metal chassis, shown in 
Figure 1, to be removed from the 
carrying case. A front view of the 
control panel and battery assembly 
is shown in Figure 2. A single volume 
control is provided which turns the 
amplifier off at the extreme left posi- 
tion and gives increased volume as it 
is turned to the right. The only other 
control is a filter switch, which cuts 
in or out a filter that diminishes the 
response at both the higher and lower 
frequencies. The effect of this filter is 
to diminish the normal heart sounds 
but to leave unaffected any murmur 
sounds that may be present, thus 
making them more plainly audible. 
The batteries are installed in the 
two bottom compartments of the 
chassis. These are a filament battery, 
consisting of four flashlight cells, 
No. 950, and two No. 768 plate bat- 


Fig. 1—The component parts of the portable electric stetho- 
scope for diagnosing heart ailments are carried on a metal 
chassis, which fits into a small carrying case 
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Fig. 2—Filament and plate batteries occupy the lower part of 
the chassis, the amplifier is behind the control panel at the 
upper left, while at the upper right is space for the pick-up 


and the receiver 


teries. The latter are of the plug-in 
type, having their terminals brought 
to receptacles mounted in the top of 
the battery. This simplifies replace- 
ment, since the leads used to connect 
to them are terminated in polarized 
plugs so that they cannot be incor- 
rectly inserted. The arrangement of 
the batteries in the chassis is shown 
in Figure 2. 

Like the pick-up, the receiver is 
also of the usual telephone type, but 
is provided with a special cap to allow 
the attachment of the tubes of an 
acoustic stethoscope. These tubes 
somewhat modify the quality of the 
sounds heard, and they are employed 
with the electrical stethoscope instead 
of headphones so that the sounds 
heard will be as nearly as possible like 
those heard with the usual acoustic 
stethoscope. This receiver is directly 
connected to the amplifier, but a set 
of binding posts is provided on the 
front of the control panel so that a 
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second receiver may be 
connected if desired, 
thus permitting two 
physicians to listen 
simultaneously to 
sounds being picked 
up. Such an arrange. 
ment is often of con- 
siderable value in con. 
sultation work. 

The operation of the 
stethoscope is very 
simple. The physician 
attaches the tubes of 
his acoustic stetho- 
scope to the receiver, 
fastens the receiver to 
his coat by means of 
the clip provided on 
its back, and turns the 
set on by moving the 
volume knob clockwise 
until the desired loud- 
ness is reached. He holds the pick-up 
by means of the rubber ring, and 
presses it lightly against the patient’s 
body as he would the bell of a regular 
acoustic stethoscope. For certain types 
of diagnosis, such as of murmur 
sounds, the knob on the front of the 
case marked “‘Filter” may be turned 
to its “In” position. 

It has been observed that with a 
portable electrical stethoscope of this 
type, the loudness of heart sounds 
can be increased about 20 db, or to 
an intensity 100 times that obtainable 
with an acoustic stethoscope. Such an 
instrument will perform invaluable 
service for the physician and medical 
student whose hearing is impaired, 
and will also allow one of normal 
hearing to listen to sounds which 
would be inaudible with an acoustic 
stethoscope. The electrical stetho- 
scope thus becomes an invaluable aid 
to the physician by enlarging the field 


of possible diagnosis. 
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Life Test Recorder 


By D. A. McLEAN 


Chemica! Laboratories 


N researches dealing with materials 

for use in telephone apparatus such 

as condensers, it is often necessary to 
make life tests. When test conditions 
are severe and the life correspondingly 
short, it is frequently helpful to know 
within relatively narrow limits the 
time at which each unit under test 
failed to perform. A recorder especially 
adapted for such purposes has been 
developed by the Laboratories in 
which the record is made on a circular 
waxed paper disc. A metal stylus, 
mounted on a radial arm which ro- 
tates above the record, does the re- 
cording. This stylus is advanced 
radially !/;. inch per revolution by a 
screw attached to the rotating arm. 

The outer extremity of the radial 
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arm holds a commutator spring which 
contacts successively as it rotates with 
each of a series of 120 points on the 
periphery of the base plate of the re- 
corder. Each of these contacts cor- 
responds to one condenser unit under 
test. The recording stylus is attached 
to the armature of an electromagnet 
which is mounted on the radial arm. 

If a condenser has failed a signal 
fuse completes the circuit when it is 
tested. This actuates the electromag- 
net and causes the stylus to make a 
single rapid movement back and forth 
radially, thus making a short line at 
right angles to the record spiral. The 
closed circuit and the corresponding 
condenser are identified in this man- 
ner and the time of occurrence is de- 
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termined by the distance of the mark 
from the center of the record. The 
recorder can be set to rotate either 
once per hour or four times per hour. 
The record covers four days on the 
former basis. 

The recorder is driven by a small 
110-volt a-c. motor which connects 
directly to the lighting circuit. The 
speed reduction is approximately 
100,000 for the slower speed and is 
obtained by using worm gears. The 


accuracy with which the time can be 
determined depends on the speed of 
rotation of the commutator arm, 
This speed can be varied over wide 
limits if desired by changing the re. 
duction ratio of the driving motor, 
Recorders of this type can be 
adapted to show the time of occur. 
rence of any phenomena which can be 
indicated by an electrical impulse and 
will be found useful for various pur- 
poses of this general character. 


Fig. 1—The record is made on a disc of waxed paper by a metal stylus 

mounted on a radial arm which rotates above the record. Each circuit 

in question is tested in succession by a spring which contacts with the 
buttons on the periphery of the recorder as the arm rotates 


Field Trial for New Two-Wire Toll Circuits 


By H. A. ETHERIDGE, JR. 
Toll Transmission Development 


N recent years it has been found 

desirable to design a new short- 

haul two-wire system for toll cables 
which would be in step with the pres- 
ent trend of the toll plant as regards 
both transmission performance and 
economics. A study was therefore 
undertaken to determine the require- 
ments for all parts of such circuits, 
and from these studies a new short- 
haul system was developed which is a 
decided improvement over the existing 
two-wire facilities. 

To meet the requirements for the 
great majority of toll-cable layouts, 
where the repeater spacings are under 
fifty miles, the H-88-s50 loading sys- 
tem was designed, the 88-millihenry 
coils for the side circuits and the 50- 
millihenry coils for the phantom cir- 
cuits being spaced six thousand feet 
apart. To meet, in addition, the con- 
dition frequently encountered where 
the repeater spacings exceed fifty 
miles, and of necessity range up to 
as much as sixty-five miles in 
length, the B-88-50 loading system 
was designed. This system em- 
ploys coils having the same induct- 
ance as the H-88-50 system, but the 
spacing between coils is three thou- 
sand feet. 

For use on these new loading sys- 
tems there was made available for 
trial a new two-wire repeater which 
provided improved transmission per- 
formance. To allow existing repeaters 
to be used on these systems, slight 
modifications in the existing standard 
repeaters were worked out, which by 
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improving their transmission per- 
formance made them suitable for 
these new systems. 

Development work on new circuits 
includes laboratory tests on all the 
various parts involved, but before 
such a system can be approved for 
Bell System use, extensive field trials 
must be made to determine the opera- 
tion of the system as a whole under 
field conditions. These trials must be 
made on a large number of circuits so 
that manufacturing variations in the 
various elements may be studied 
statistically. Only after field trials of 
this type can the performance of the 
circuit under all conditions be satis- 
factorily predicted. 

For the field trials of the new two- 
wire system, nineteen quads of one of 
thecablesrunning between Newark and 
Philadelphia were employed. About 
half of them had the 6000-foot load- 
ing-coil spacing, and half the 3000- 
foot spacing. At Newark, Princeton, 
and Philadelphia twelve repeaters of 
the latest type, together with six 
repeaters of the modified type, each 
with its associated office equipment, 
were also made available for the 
trial. The purpose of using this large 
number of quads was not only to get 
statistical information, made possible 
by the large number of the various 
circuit elements, but to secure longer 
circuits by looping back between re- 
peater points, and to secure the 
equivalent of longer repeater sections 
by splicing back at certain loading 
points. 
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Field trials of this type are not 
short undertakings. Tests must first 
be made on individual pieces of ap- 
paratus and on the lines, then on the 
office apparatus, then on the overall 
performance of a repeater section, 
then on the circuit as a whole between 
terminals, and finally on the circuits 
when employed as links in built-up 
connections. These tests include meas- 


A complete return-loss-frequency run 
could be made in about fifteen min. 
utes, but after the measurements were 
made they had to be plotted in the 
form of a curve to permit complete 
analysis of the data. The new method 
employed the same measuring set and 
oscillator, but a motor drive was pro- 
vided that varied the frequency of 
the oscillator continuously over the 

desired frequency range. A 


new recording meter* was used 
in conjunction with it, which 


automatically recorded the re- 
turn-loss data in the form of 


y 


\ 


OVERALL ATTENUATION 
IN DECIBELS 


a curve ready for analysis. 
With this arrangement a com- 
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FREQUENCY IN CYCLES PER SECOND 


Fig. 1—A typical attenuation-frequency character- 


istic for a 200-mile circuit 


urements of impedance, of noise and 
crosstalk, of the change in attenua- 
tion with frequency, and of return 
loss between the line and network 
circuits, which is a measure of their 
impedance similarity. Conditions of 
balance must be determined at all 
points and singing margins ascer- 
tained, and talking tests must be 
made to check the estimated effects 
of echoes on overall transmission. 
The information gathered must then 
be analyzed and the results com- 
pared with the requirements original- 
ly laid down. Any failure to meet 
_ specifications must be analyzed so 
that recommendations can be made 
as to the needed improvements. 

One of the important tests is the 
measurement of return loss, and a 
new technique was developed for this 
trial. The 3A return-loss measuring 
set was already available, and in 
combination with the 13A oscillator 
had already greatly speeded up meas- 


urements compared to former methods. 
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plete return-loss-frequency run 
could be made and recorded 
in a minute and a half. By the 
use of this equipment a large 
amount of fundamental infor- 
mation was made available which 
would have been impracticable to 
obtain by former methods and which 
was extremely useful—not only for 
this trial but for further studies of 
toll systems. 

An important part of the installa- 
tion of a communication circuit of 
the two-wire type is the adjustment 
of the building-out capacitances of the 
balancing networks. Whether the cir- 
cuit will sing or not and whether or 
not there will be objectionable echoes 
depends in part on how closely this 
balancing network together with its 
associated building-out capacitance 
approximates the impedance of the 
section of line it is designed to balance. 
The final adjustment of the building- 
out capacitances had been done form- 
erly by the 21-type circuit test. For 
this test the line and network circuits 
are connected to the terminals of a 
hybrid coil associated with a two- 
wire repeater, and the gain is raised 
~ *Recorp, July, 1934, p- 367. 
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until singing occurs. The better the 
balance, the higher will be the gain 
required, and the building-out capac- 
itances are adjusted, therefore, to 
give a maximum gain. 

It will be noted, however, that this 
method guarantees the. best balance 
only at the point at which the test is 
made and for the frequency at which 
singing occurs. It is quite possible, 
therefore, that such an adjustment, 
while generally satisfactory for field 
procedures, may not in certain cases 
be the optimum from the standpoint 
of overall singing and echoes. It thus 
seemed very desirable for the more 
exacting purposes of field trials to 
determine how nearly a capacitance 
adjustment by the 21 test approached 
this optimum condition. Such infor- 
mation could be obtained from the 
ordinary return-loss measurements 
made with various adjustments of the 
building-out capacitances, but the 
labor involved would be almost pro- 
hibitive in this case. 

To decrease the amount of time 
and labor involved, the 3A return- 
loss measuring set was employed as 
before except that in place of the 
13A oscillator two other sources of 
measuring power were tried in an 
effort to find a source that would 
satisfactorily include the entire band 
of frequencies in a single reading. 
One of these sources was resistance 
noise* arising from thermal agitation 
in a resistance terminating a special 
amplifier. Such a noise includes all 
frequencies, so that the measurement 
was an integration of the return loss 
over the entire band of frequencies 
transmitted. The other method em- 
ployed the 13A oscillator but with a 
motor-driven air condenser in parallel 
with the normal tuning condenser. 
This condenser was rotated fast 

*RecorD, February, 1927, p. 185. 
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enough so that the readings obtained 
represented an integration of the 
return losses over the desired fre- 
quency range. With both sources a 
weighting network was employed 
whose attenuation-frequency charac- 
teristic was such that it weighted the 
return losses at the various frequen- 
cies according to the importance of 
these frequencies from overall singing 
and echo standpoints. 

By these methods it was possible 
to adjust the building-out capacitances 
for optimum overall singing and echo 
conditions instead of the optimum 
local singing condition. An extensive 
study was made so that the three 
methods could be intercompared. 

When a system goes on trial there 
are frequently certain factors whose 
magnitudes are not exactly known 
but which nevertheless affect the 
design of the system. An example in 
this instance was the singing condi- 
tions prevailing above the cut-off of 
the filters associated with the repeat- 
ers. The balancing networks cannot 
be economically designed to balance 
the line except for the transmitted 
frequency band—at higher frequen- 
cies the balance may be poor, with 
the possibility of singing if the loss in 
the filters is not great enough. During 
this trial it was found that the filters 
proposed for the new two-wire repeat- 
ers were not entirely satisfactory in 
this respect. In fact four designs were 
tried before one was obtained that 
met all requirements. 

One of the objects of a field trial is 
to determine the reason for any de- 
parture from anticipated results, and 
to suggest possible remedial measures. 
This phase of the work is frequently 
the most interesting since it taxes the 
engineer’s ingenuity and imagination. 
Means for making special tests are 
not generally available, and methods 
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must be improvised with existing field 
apparatus. The determination of the 
cause of a certain trouble often re- 
quires a study of all possible causes 
and then the determination of the 
correct one by the rather lengthy 
process of elimination. 

During the recent trial, for ex- 
ample, it was found that the return 
losses at low frequencies on the 
Philadelphia-Princeton section were 
lower than those on the Princeton- 
Newark section. These lower return 
losses were still within the original 
requirements, but since they indicated 
a distinct difference in the two sec- 
tions of line, it seemed desirable to 
determine their cause. An analysis 
was made of all factors that might 
result in such a difference in return 
loss, and then one by one they were 
checked against known conditions 
and recently obtained test informa- 
tion. By this process it was finally 
determined that the cable capaci- 
tance per loading section must be 
lower than expected. This might be 
caused either by lower capacitance 
per unit length of cable or by shorter 
loading sections. Measurements made 
at the time of the original installation 


were then studied, and it was found 
that the cable capacitance per unit 
length was about four per cent lower 
than average, and in addition that 
the loading sections were one per cent 
shorter than normal between Phila. 
delphia and Princeton and one per 
cent longer than normal between 
Princeton and Newark. The net result 
of course was a lower capacitance per 
loading section on the Philadelphia. 
Princeton section. 


Having determined these facts, it 
was found that the return loss at low 
frequencies could be improved about 
3 db by the addition of a small amount 
of resistance in series with the build. 
ing-out section. It was therefore 
recommended that an adjustable re- 
sistance unit be included in the build- 
ing-out section so that when occasion 
arose, such situations could be cared 
for in the field. 

In general, the results of the trial 
indicated that the circuits performed 
even better than had been anticipated. 
The systems have proved satisfactory 
from the standpoint of noise, cross- 
talk, return loss, echoes, and singing 
as well as in the overall net-loss- 
frequency characteristics. 
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